T 



(19) 



(12) 



(43) Date of publication: 

09.06.1999 Bulletin 1999/23 

(21) Application number: 98122257.3 

(22) Date of filing: 23.1 1 .1 998 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP0 921 166 A1 

EUROPEAN PATENT APPLICATION 

(51) Int CI. 6 : C09D 11/02, C09B 67/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 08.12.1997 US 986548 

(71) Applicant: 

E.I. DUPONT DE NEMOURS AND COMPANY 
Wilmington, Delaware 19898 (US) 



(72) Inventor: 

Pearlstine, Kathryn Amy 
Wilmington, Delaware 19810 (US) 

(74) Representative: 

Kuhnen, Rainer Andreas, Dipl.-lng. 
R.A. Kuhnen & P. A. Wacker 
Patentanwaltsgesellschaft mbH 
Alols-Stelnecker-Strasse 22 
85354 Frelslng (DE) 



(54) Polymer/dye complexes for improved chroma In pigment-based ink jet Inks 



(57) Aqueous ink jet inks with improved water fast- 
ness, smear fastness and improved chroma comprise 
an aqueous vehicle; a polymeric dispersant; and an 
insoluble colorant comprising an organic pigment hav- 
ing adsorbed thereon a dye/polymer complex. 
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Description 

Background of the Invention 

[0001 ] TTiis invention relates to aqueous ink jet inks and more particularly, aqueous inks containing polymer/dye com- 
plex and having improved chroma. 

[0002] Ink jet printing is a non-impact method for recording information in response to an electronic signal such as 
that generated by a computer. It has become increasingly popular, particularly for so-called "desk-top publishing" 
because of its capability to produce small volumes of printed matter from digital input, at high throughput speeds with 
reliability, relatively quiet operation, good print quality, and at low cost. In the printer, the electronic signal produces 
droplets of ink that are deposited on a substrate such as paper or transparent film. Thermal or bubble jet drop-on- 
demand printers have been especiaJly successful and have found broad application as output devices for personal com- 
puters in the office and the home. 

[0003] Both dyes and pigments have been used as ink colorants for ink jet printers. However, dye-based inks have 
several disadvantages as compared to pigment-based inks. They are usually very water soluble and remain so after 
drying on the substrate. They are easily re-dissolved by contact with water and will run when exposed to a water spill 
Also, dye images smear on contact with felt pen markers. In addition, they exhibit poor light stability relative to pigments 
and are known to fade even under conditions of office fluorescent lighting. Thus, dye-based ink jet inks are often unsuit- 
able for use in applications requiring moisture resistance and greater light stability. 

[0004] Pigments, however, provide improved water and smear resistance and improved light stability However they 
do not have the required chroma that is one of the major advantages of using dyes. 

[0005] Thus, there is a need for improved inks that have good water and smear resistance, improved light stability and 
also good chroma. 7 

25 Summary of the Invention 

[0006] The invention provides an ink jet ink comprising: 

(a) an aqueous vehicle; 

so (b) an insoluble colorant comprising an organic pigment having adsorbed thereon a dye/polymer complex- and 
(c) a polymeric dispersant. H ' 

Detailed Description of the Invention 

35 [00071 The invention provides an ink jet ink composition which is particularly suited for use in Inkjet printers in general 
and thermal printers in particular. Essentially, the ink composition comprises an aqueous vehicle, an insoluble colorant 
comprising an organic pigment having adsorbed thereon a dye/polymer complex; and a polymeric dispersant. 

Aoueous Vehida 

40 

[0008] The aqueous vehicle is water or a mixture of water and at least one water soluble organic solvent Selection 
of a suitable mixture depends on requirements of the specific application, such as desired surface tension and viscosity, 
the selected colorant, drying time of the ink. and the type of substrate onto which the ink will be printed. Representative 
examples of suitable water-soluble organic solvents are disclosed in U.S. Patent 5.085.698. A mixture of water and 
45 ?^ en , 8 ^ ° r a nitr ° 9en containin 9 c ^ c compound, such as 2-pyrrolidone. is preferred as the aqueous vehicle 
[0009] In the case of a mixture of water and a water-soluble solvent, the aqueous vehicle usually contains from about 
30% to about 95% water with the balance (i.e.. 70 to 5%) being the water-soluble solvent. The preferred compositions 
are approximately 60% to about 95% water, based on the total weight of the aqueous vehicle. 
[0010] The amount of aqueous vehicle in the ink is in the range of approximately 70 to 99.8%. preferably approxi- 
mately 94 to 99.8%. based on total weight of the ink when an organic pigment is selected; approximately 25 to 99 8% 
preferably approximately 70 to 99.8% when an inorganic pigment is selected; and 80 to 99.8% when a dye is selected.' 

Colorant 

[001 1 ] The colorant is insoluble in the aqueous vehicle and comprises an organic pigment having adsorbed thereon 
a dye/polymer complex. Preferably, the dye/polymer complex is insoluble in the aqueous vehicle 

The pigments are insoluble in the aqueous vehicle. Useful pigments include a variety of organic pigments alone 
or m combination, that are typically employed as colorants in ink compositions. The pigment particles are sufficiently 



so 



55 



2 



EP0 921 166 A1 



is 



20 



25 



small to perm,t free flaw of the .nk through the Inkjet printing device, especially at the ejecting nozzles that usually have 
tt ^1 * rang,ng 1 ' om 1 0 t0 50 mic ™- Particle size also has an influence on L pigment disp^Ta 

from J^V*? ^ " ^ BrOWnian ° f ***** ^hT^L 

torn settling. I .s also desirable to use small particles for maximum color strength. The typical range of usefu^articte 
micron and most preferably, from 0.01 to 0.3 micron. 

^ JL m^ Se '^ ™ y b6 UMd ' n dry ° r W6t form - For exam P |e - P*™* 5 usually manufactured in 

aqueous media i and the resulting p.gment is obtained as water wet presscake. In presscake form the pigmert "not 

STJ I h PrOCe l S ° f Pr ^f nn9 ^ iRkB fr0m dry Pi9ments " R ^ntative commercial dryand presscake pig- 
merrts that may be used ,n practicmg the invention are disclosed in the aforementioned US Patent 5.085 6» 
[0013] The ink may contain up to approximately 30% pigment by weight for some applications, but will generally be 
nthe range of 0.1 to 15%. preferably 0.1 to 8%. by weight of the total ink composition 9 * 

S^rt ^^ P0,ymer . CO r T5, l X ! S 9re Pfepared by disSOlvin 9 a P°'y mer dye in a common solvent and mixing 
to react. Complexes may be formed, for example, by acid-base reaction, formation of a charge complex between Z 
polymer and the dye. or by reaction to form a covalent attachment between the polymer and the SeTto eXn^/dve 

£? to^X* fram the ^ ent to torm 30 inso,uWe corT * ,ex or ma * re ^ n ffitt 

Z^IZT^I JT ^Z C °T ,eX ^ dUd8: r6aCti0n ° f an amine grou P °" the P°'y™ « ^Ifonic acid or sul- 
fonate group of the dye; reaction of a sulfonate or sulfonic acid containing polymer with a basic dye containing an amine 
group; reaction of hydroxyl containing polymers by reactive dyes cornaming an amine 

Sewe^S 

S^f 1 k " own ,n th ? art - dves v,eW colored anions, and cationic dyes yield colored cations in aqueous 

solution Typical anion.c dyes contain carboxylic or sulfonic acid groups as the ionic moiety and en^ss a^d 
?^c? a T- C dy6S USUa ' ,y COn,ain ^ uaternar y n*">gen flroups. and encompass all basic dyL 6nCOmpaSS a " ac,d 
£52 >'° ^ m ° St USefU ' in miS inventi0n are Direct " Food ' Mortla ^ and Reactive dyes Anionic dyes 
^SrH^f' nitr ° COmP ° UndS - 320 «"*oun* stilbene compounds, triarylmeth^e Snp^rtT 
S^nH ^ ^ qiJ ' n0,me COmpounds ' thiazole compounds, azine compounds, oxazine cornpoundsTa^ine 
compounds, am.noketone compounds, anthraquinone compounds. indigokJ compounds or phtXyanine ^n 

30 In 0 ! 73 Jf*?™ ^ m0St US6ful in Ws invention are t" 6 b^ic dyes and mordant dyes designed to bind acidic sites 
tn^r^ SUCh ^ M the ~> C0 "^ diphenylmethan: ^ cor^unds 

acr,d ' ne ""WW* quinoline compounds, methine or polymethine con,: 
pounds, thiazole compounds, indamine or .ndophenyl compounds, azine compounds, oxazine compounds and thi- 
azine compounds, among others, all of which are well known in the art compounds, and th. 

35 Z?ndPnV;^n?H ^"^^ dy9 , USed in thG 'WW™ COn * lex ^ largely a function of choice, being primarily 
tT n TT^ ^ ° f Print SChieved witn me ink « the P urftv of *e dye and its Strang* Low coS 

trations of dye may not grve adequate color vividness. High concentrations may result in poor prfiifteXenSiS^Qr 

0. i to 2%. by weight, based on the total weight of the ink. ' ^ 

* S^iL^T" USe,U I in preparin9 1,19 °Ve/polymer complex include polymers containing hydroxy, amine sulfonate 
or sulfon c aod groups. Some examples are polystyrene sulfonate, sodium salt), plm^nme^^^^^ 
TL^" add/maleie PoMZ-acrylamid^.mettyfcropane ^aM^tot^lw^' 

ZEES"? J?*^?^ 7 *™* 1 P°»"^ethy.am,no ethylmethac^^ro^Sylate 

« mm ^e dt^^T^' aCfyta,e) ' *"* (benZyl amino ethylm^acrWaie) 

Son*:Kx^^ 

so Dispersarrts 

"022] Dispersants, preferably polymeric dispersants are used to disperse the colorant Particularly preferred oolv 
S^31 uSuTJnT J**™* ™ * ««* Polymers, branched polymers a^ g^ po,^ " 

« Sih.^ "^T? ' nClUde AB ^ BAB Mo< * «*»<y™n> which are disclosed in US Patent Toss em ana 

W i" ° PO yme ' S d,Se,0Sed in US Pa,em 5 - 519 085 ' 3011,8 6utewe <>*« Powers are dhSZ I 'i^at^ 

E me mS^° m ^"T 8 ? " " e US6d 85 diSpersin9 a9en,s - A 6 " 6 ^ « r « no« as effective in stabiliz- 
rng pigment dispersions as the block pofymers. and therefore are not preferred. Random interpolymers having nanojy 
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controlled molecular weight ranges, preferably having poly dispersivities of 1-3, may be selected. These polymers are 
substantially free of higher molecular weight species that readily plug pen nozzles. Number average molecular weight 
must be less than 1 0,000 DaJtons, preferably less than 6.000, most preferably less than 3.000. These random polymers 
contain random hydrophobic and hydrophilic monomer units. Commercial random dispersant polymers will plug pen 
5 nozzles readily The needed molecular weight control can be obtained by using the Group Transfer Polymerization tech- 
nique, but other methods that deliver low dispersivity also may be employed. 

[0025] Some examples of hydrophobic monomers used in random polymers are methyl methacrylate, n-butyl meth- 
acrylate, 2-ethylhexyl methacrylate, benzyl methacrylate, 2-phenylethyl methacrylate and the corresponding acrylates. 
Examples of hydrophilic monomers are methacrylic acid, acrylic acid, dimethylaminoethyl [methjacrylate and salts 
10 thereof. Also quaternary salts of dimethylaminoethyl [meth]acrylate may be employed. 

Other Ingredients 

[0026J The ink compositions may also contain additives that are commonly employed in ink jet inks, such as biocides 
75 to inhibit growth of microorganisms, sequestering agents to eliminate deleterious effects of heavy metal impurities, 
humectarrts. viscosity modifiers and polymers also may be included to improve various properties of the ink composi- 
tions as is known in the art. 

[0027] The ink compositions are prepared in the same manner as other ink jet ink compositions. The dispersion may 
be prepared by premixing the selected pigments) and dye/polymer complex with suitable solvents and dispersing the 
20 colorant in the aqueous vehicle with the polymeric dispersant. The dispersion step may be accomplished in a horizontal 
mini mill, a ball mill, an attritor, a 2-roll mill, or by passing the mixture through a plurality of nozzles within a liquid jet 
interaction chamber at a liquid pressure of at least 5000 psi to produce a uniform dispersion of the colorant particles in 
the aqueous vehicle. Additional cosolvents may be present during the dispersion step. 

25 Ink Properties 

[0028] Jet velocity, separation length of the droplets, drop size and stream stability are greatly affected by the surface 
tension and the viscosity of the ink. Pigmented Inkjet inks suitable for use with ink jet printing systems typically have a 
viscosity no greater than 20 cP, and preferably in the range of about 1 .0 cP to about 1 0.0 cP at 20°C. The ink has phys- 

30 ical properties compatible with a wide range of ejecting conditions, i.e. , driving voltage and pulse width for thermal ink 
jet printing devices, driving frequency of the piezo element for either a drop-on-demand device or a continuous device, 
and the shape and size of the nozzle. The inks have excellent storage stability for a long period and do not clog in a ink 
jet apparatus. Fixing of the ink on the image recording material, such as. paper, fabric, film, etc.. can be carried out 
speedily and surely. The printed ink images have clear color tones, high density, excellent water resistance and light 

35 fastness. Further, the ink does not corrode parts of the ink jet printing device it comes in contact with, and it is essen- 
tially odorless, and non-toxic. 

Examples 

to [0029] The following examples, wherein parts and percentages are by weight, illustrate but do not limit the invention. 



glossary: 




[0030] 




45 




BZMA 


benzyl methacrylate 


MAA 


methacrylic add 


ETEGMA 


ethoxytri ethylene glycol methacrylate 


MEK 


methyl ethyl ketone 


so AMPS 


2-acrylamido-2-methylpropane sulfonic acid 


AA 


acrylic acid 


MA 


methyl aery! ate 



Polymer 1 BZMA//MAA 13//10 AB block copolymer. 

55 

[0031 ] A 12-liter flask was equipped with a mechanical stirrer, thermometer. N2 inlet, drying tube outlet, and addition 
funnels. Tetrahydrofuran THF. 3750 gm. and p-xylene. 7.4 gm, were charged to the flask The catalyst, tetrabutyl ammo- 
nium m-chlorobenzoate. 3.0 ml of a 1.0 M solution in acetonitrile. was then added. Initiator. 1,1-bis(trimethylsiloxy)-2- 
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methyl propene, 291.1 gm (1.25 M) was injected. Feed I [tetrabutyl ammonium m-chlorobenzoate. 3.0 ml of a 1.0 M 
solution in acetonitrile] was started and added over 180 minutes. Feed II [trimethyJsilyl methacrylate, 1975 gm (12.5 M)] 
was started at 0.0 minutes and added over 35 minutes. One hundred minutes after Feed II was completed (over 99% 
of the monomers had reacted). Feed III [benzyl methacrylate. 2860 gm (16.3 M) was started and added over 30 min- 
5 utes. At 400 minutes. 720 gm of methanol were added to the above solution and distillation begun. During the first stage 
of distillation. 1 764.0 gm of materia) were removed. Then an additional 304.0 gm of methanol was added and an addi- 
tional 2255.0 gm of material were distilled out. The resulting solution was at 49.7% solids and the polymer had a 
number average molecular weight of Mn = 3.200. 

10 Polymer 2: AMPS/AA/MA//-g-B2MA/ETEGMA1 0/1 0/50//-O,- 1 8/1 2 graft copolymer 

[0032] A BZMA/ETEGMA/MAA 60/40 macro monomer was prepared by charging 324 g BzMA, 216 g ETEGMA, 630 
g methyl ethyl ketone (MEK) and 0.1640 g Diaquabis(borondifluorodiphenyl-glyoximato) cobalt(ll), Co(DPG-BF2) to a 
5-liter flask, equipped with a mechanical stirrer, thermometer, N2 inlet and addition funnels. The reaction mixture was 
is heated to the reflux temperature (88°C) and 5.4 g of VAZO® 52 dissolved in 54 g of MEK was fed over 15 min. After 
addition was complete an additional 16.2 g of VAZO® 52 dissolved in 46 g of MEK together with the monomer mixture 
of 756 g of BzMA and 504 g of ETEGMA was fed in over 240 min. The reaction was finished off by addition of 5.4 g of 
Vazo® 52 dissolved in 26 g of MEK and the reflux was maintained for an additional 60 minutes. The reaction mixture 
had nominal 65% solids. 

20 [0033] To a 2-liter flask, equipped with a mechanical stirrer, thermometer, N2 inlet and addition funnels, was charged 
230.8 g of macromonomer solution (above) and 355 g methanol. The solution was heated to reflux (66"C). A solution 
of 2.5 g VAZO® 52 dissolved in 5 g MEK was added in one shot. Then a mixture of: (1) 250 g methyl acrylate (MA) and 
50 g acrylic acid (AA), (2) 50 g 2-acrylamido-2-methy1propane sulfonic acid (AMPS) dissolved in 70 g 2-pyrrolidone and 
70 g methanol, and (3) 12.5 g VAZO® 52 dissolved in 25 g MEK was fed in over 180 min. After addition was complete, 

2s an additional 2.5 g VAZO® 52 dissolved in 5 g MEK were added in one shot. The reaction mixture was kept at the reflux 
temperature for an additional 60 minutes. The resulting polymer solution was then neutralized to 100% with 30.06 g of 
a 45% solution of KOH in water. The final polymer solution was 51.2% solids. 

Polymer 3: BZMA//DMAEMA/ETEGMA 15//30/8 AB block copolymer. 

30 

[0034] A 1 2-liter flask was equipped with a mechanical stirrer, thermometer, N2 inlet, drying tube outlet, and addition 
funnels. Tetrahydrofuran THF, 4035 gm, and p-xylene, 13.0 gm, were charged to the flask. The catalyst, tetrabutyl 
ammonium m-chlorobenzoate. 2.4 ml of a 1.0 M solution in acetonitrile, was then added. Initiator, 1-methoxy-1-trimeth- 
ylsiloxy-2-methyl propene, 84.7 gm (0.487 M) was injected. Feed I [2-dimethytaminoethyl methacrylate DMAEMA, 2278 
35 gm (1 4.5 M) and ethoxytriethyleneglycol methacrylate ETEGMA. 949.2 (3.86 M)] was started at 0.0 minutes and added 
over 60 minutes. One hundred minutes after Feed I was completed (over 99% of the monomers had reacted), Feed II 
[benzyl methacrylate, 1275 gm (7.24 M) was started and added over 40 minutes. The solution was at 65.2% solids and 
the polymer had a number average molecular weight of 9,350. 281 .6 grams of 2-pyrrolidone were added to 250.9 grams 
of polymer solution in THF. The THF was distilled off leaving 34.7% solids in 2-pyrrolidone. 

40 

Dye/Polymer Complex 1 : 

[0035] The following ingredients were mixed together and stirred: 

45 



Ingredient 


Amount (g) 


Polymer 2 

Basozol® Red 71 LS (40% solids), (BASF) 
Deionized water 


391.2 
116.0 
1556.0 



[0036] A precipitate of dye and polymer formed. The precipitate was rinsed and collected. This gave 250 g of material 
55 with a measured percent solids of 70%. 
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Dve/Polvmer Complex 2: 

[0037] The following ingredients were mixed together and stirred: 

5 



Ingredient 


Amount (g) 


Polymer 3 

Acid Red 52 dye {3.55% dye), (BASF) 


194.0 
700 



[0038] The solution was mixed overnight. 
is Colorant 1 : 

[0039] The following ingredients were blended together and milled on a two-roll mill for 30 minutes: 

20 



Ingredient 


Amount (g) 


Dye/Polymer Complex 1 


79.9 


Sunfast® Red 122, Sun Chemical Corporation. Cincinnati. OH 


112.0 


2-Pyrrolidone 


25.0 


Isopropylalcohol 


60.0 



30 [0040] The colorant produced was mixed with 1 48.4 g of Polymer 1 and milled for an additional 30 minutes. 1 09 grams 
of this material was combined with 1 1 .3 grams 45.5% KOH solution and 479.7 grams Dl water and dissolved with ade- 
quate stirring. This gave a dispersion ("Dispersion 1") that was 18.4% solids and comprised 8% pigment. 5.4% disper- 
sant. and 4% dye/polymer complex. 

35 Colorant 2 : 

[0041 ] The following ingredients were blended together in a high speed disperser. The pH of the mixture was adjusted 
to 8.0 with KOH. 

40 



Ingredient 


Amount (g) 


Dye/Polymer Complex 2 


894.0 


Sunfast® Red 122 presscake. (49%solids) Sun Chemical Corporation, Cincinnati, OH 


254.0 


Surfynol® 440 (Air Products and Chemicals. Inc.. Allentown, PA) 


0.3 


Deionized water 


200.0 



50 

[0042] The precipitate was collected, rinsed and dried. 120 grams of the colorant so produced were mixed with 98 g 
of Polymer 1 and 35 grams of diethylene and the mixture was milled for an additional 30 minutes. 136.4 grams of this 
material was combined with 12.6 grams 45.5% KOH solution and 351 grams Dl water and dissolved with adequate stir- 
ring. This gave a dispersion ("Dispersion 2") that was 18.4% solids and comprised 9% pigment, 6.7% dispersant, and 
55 6.9% dyeVpolymer complex. 
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Example 1 

[0043] An ink was prepared by mixing together the following ingredients: 



Ingredient 


Amount (g) 


Dispersion 1 


30.0 


2-Pyrrolidone 


2.4 


Liponics® EG-1 (Lipo Chemicals Co., Paterson, NJ) 


1.2 


Hexylene glycol 


6.0 


Dl water 


20.4 



[0044] The ink was printed with a Hewlett-Packard 1200C printer (Hewlett-Packard Co., Palo Alto, CA.), by refilling 
the ink in the black pen and comparing it to an ink containing no dye/polymer complex (Control #1). The inks were 
printed on Champion Datacopy (Champion International Corporation, Stamford, CT) and Hammer mi II Gilbert bond 
paper (Mead Compay, Dayton, OH). The water fastness was measured by printing a series of five lines, each line 1/4" 
wide and spaced 1/4" apart. Fifteen minutes after printing, a milliliter of water was dripped above the test pattern with 
the paper held at a 45" angle. The optical density of the runoff was measured between the 3rd and 4th lines. 



Ink 


Paper 


Chroma 


Drip Test 


Example 1 


Hammermill Gilbert Bond 


64.0 


0.043 




Champion Datacopy 


58.3 




Control 1 


Hammermill Gilbert Bond 


60.6 


0.282 




Champion Datacopy 


50.3 





Example 2 

[0045] An ink was prepared by mixing together the following ingredients: 



Ingredient 


Amount (g) 


Dispersion 2 


20.0 


Uponics® EG-1 


6.0 


Di ethylene glycol 


5.0 


Surfynol® 465 


0.2 


DI water 


68.8 



[0046] The ink contained 1 .8% pigment and 0.4% dye as colorant. 

[0047] Two other inks were made as controls. Control #2 is an ink containing 1.8% pigment as colorant with no 
dye/polymer complex. Control #3 contains 1 .8% pigment and 0.4% dye as colorant. The dye is added in solution. There 
is no polymer complex. 

[0048] The ink was printed with a Hewlett-Packard 1 200C printer by refilling the ink in the black pen and comparing it 
to Control inks #2 and #3. The inks were printed on Champion Data Copy paper. The water fastness was measured by 
the drip test described above. 
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Ink 


Chroma 


Drip test 


Example 2 


56 


0.110 


Control 2 


50 


0.250 


Control 3 


67 


0.250 
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Claims 

1. An inkjet ink comprising: 

's (a) an aqueous vehicle; 

(b) an insoluble colorant comprising an organic pigment having adsorbed thereon a dye/polymer complex; and 

(c) a polymeric dispersant. 

2. The ink of Claim 1 wherein the dye is covalently bound to the polymer. 

20 

3. The ink of Claim 1 wherein the dye is ionically bound to the polymer. 

4. The ink of Claim 1 wherein the dye/polymer complex is insoluble in the aqueous vehicle. 

25 5. The ink of Claim 1 wherein the pigment is present in the amount of 0.1 to 15% by weight, based on the weight of 
the total ink composition. 

6. The ink of Claim 1 wherein the dye/polymer complex is present in the amount of 0.02 to 40% by weight based on 
the weight of the colorant. 

30 

7. The ink of Claim 1 wherein the dye/polymer complex is prepared from polymers containing moieties selected from 
hydroxy, amine, sulfonate and sulfonic acid. 

8. The ink of Claim 7 wherein the polymer is selected from the group consisting of poly(styrene sulfonate, sodium 
35 salt). poly(styrene sulfonic acid), poly(styrene sulfonic add/maleic anhydride). poly(2-acrylamido-2-methylpropane 

sulfonic acid/acrylic acid/methyl acrytate/benzyl methacrylate/ETEGMA), poly(styrene/dimethylamino ethylmeth- 
acrylate/hydroxyethylacrylate). poly(benzyi methacrylate/hydroxyethyl acrylate) and poly (benzyl methacr- 
ylate/dimethyt amino ethylmethacrylate). 

40 9. The ink of Claim 1 wherein the polymeric dispersant is a structured polymer. 

10. The ink of Claim 9 wherein the polymeric dispersant is a block polymer. 

11. The ink of Claim 9 wherein the polymeric dispersant is a graft polymer. 

45 

1 2. The ink of Claim 1 wherein the aqueous vehicle is a mixture of water and at least one water soluble organic solvent. 
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